1. Localization of renin in rat and mouse brain was determined by immunohistochemical methods with specific anti-renin antibodies.
Introduction
Angiotensin I1 administered to the brain by various routes elicits multiple physiological responses. Angiotensin receptors for specific physiological responses are present both outside and inside of the blood-brain barrier. Although earlier reports on the intrinsic brain 'isorenin' seemed to explain the mechanism of angiotensin I1 formation (Ganten, Marquez-Julio, Granger, Hayduck, Karsunky, Boucher & Genest, 1971; Fischer-Ferraro, Nahmod, Goldstein & Finkielman, 1971 ), these findings were disputed as a nonspecific action of brain cathepsin in view of the experimental evidence for a renin-like activity of cathepsin (Hackenthal, Hackenthal & Hilgenfelcht, 1978) and by persistent co-purification of Correspondence: Dr Tadashi Inagami, Department of Biochemistry, Vanderbilt University School of Medicine, Nashville, Tennessee 37232, U.S.A. the catheptic activity and renin-like activity in brain extracts (Day & Reid, 1976; Reid, 1977) .
By affinity-chromatographic separation of true renin and cathepsin, we have shown that true renin exists in the brain (Hirose, Yokosawa & Inagami, 1978; Inagami, Yokasawa & Hirose, 1978) . The question arose as to whether the brain renin is derived from blood or synthesized in the brain and, if so, in which regions of the brain it exists. In order to answer these questions we have attempted biochemical and immunohistochemical studies on the localization of renin in rat and mouse brain.
Materials and methods
Renin activity in brain extracts was determined after separation from proteases with nephrectomized animals by the published method . Pure mouse submaxillary gland renin (Cohen, Taylor, Murakami, Michelakis & Inagami, 1972) and pure rat renal renin (Matoba, Murakami, & Ingami, 1978) were used as antigen to produce antibodies in rabbits. These renin preparations satisfied multiple criteria of purity.
Antibodies were produced by intradermal injection of Dutch-belted rabbits with 0-5 mg of the mouse renin and 0.1 mg each of booster antigen in complete Freund's adjuvant. Rat renin was injected as tetanus toxoid conjugate in the complete adjuvant at a dose of 50 pg for the initial injection and 10 pg for each booster. Anti-(mouse renin) antibodies inhibited mouse renal renin equally well but did not inhibit renin from human, hog and rat kidneys. Anti-(rat renin) did not inhibit human renin. These antibodies did not inhibit brain cathepsins of mouse or rats. Pre-immune sera and immune sera absorbed with a large excess of pure mouse or rat renin by incubation for 2 days were used as control sera.
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The brain of a pentobarbital-anaesthetized animal was perfused with 300 ml of cold (4OC) Zamboni solution or 4% paraformaldehyde in phosphate-buffered sodium chloride solution, pH 7.4, dehydrated and embedded in paraffin wax. Sections (6 ,urn thick) were de-waxed in xylene and treated for 30 min with 0.3% hydrogen peroxide in methanol at room temperature, then with 10% normal goat serum or bovine serum albumin in Tris/HCl (0.1 mol/l), pH 7.4, for 30 min to prevent non-specific staining. Sections were stained by the peroxidase-anti-peroxidase method of Sternberger (1974) . Antibodies were used at dilutions of 1:250 to 1:20000 in 0.4% Triton X-100.
Results
The cerebrum, cerebellum and brain stem showed low but finite levels of renin activity ranging from 1 to 10 pg of angiotensin I h-' mg-I of protein.
Such widespread distribution of renin at low levels necessitated an immunohistochemical approach for the identification of renin-containing regions and cells.
Extensive staining in many regions of the brain was observed. Both glial cells and neuronal cells were stained in the mouse and rat. Conspicuous among the renin-containing neuronal cells were Purkinje cells of the cerebellum (Fig. la) , cells in the supraoptic nucleus, periventricular nucleus and suprachiasmic nucleus of the hypothalamus, in deep cerebellar nuclei and in many regions of the medulla oblongata including the nucleus tractus solitarius (Fig. lb) . In some of the renin-positive cell bodies, dense granular staining was observed. Dendritic trees of Purkinje cells were stained. The area postrema or subfornical organ does not contain renin.
Small ovoid cells were stained in the granular layer and white matter of the cerebellum, brainstem region and lamina terminalis (Fig. lc) . The morphology of these small cells suggests that they may be oligodendrocytes. Pericytes located in close association with blood vessels, and the interior lining of these blood vessels, were positively stained (Fig. lc: arrows) .
Small stellate cells in the cerebral cortex (Fig.  Id) , septal region and hippocampus were also stained. From their morphology, we tentatively propose that they may be astroglial cells. The pineal gland, adenohypophysis and choroid plexus were also renin-positive.
Discussion
This is the first demonstration of renin in both glial and neuronal cells. Renin-containing cells were observed not only in the hypothalamus, where the action of angiotensin is well known, but also in the brain stem and cerebellum, indicating a more general function of the renin-angiotensin system than has been recognized to date. The intracellular localization of renin indicates that the renin activity observed by biochemical methods in extensive brain regions of nephrectomized rats is indeed due to endogenous brain renin rather than renal renin entrapped or adsorbed to the blood vessel wall. The endogenous enzyme may be synthesized in neuronal or in glial cells or in both. The association of small renin-containing cells with blood vessels and renin staining in the inner wall of these vessels indicates the existence of perivascular renin in small vessels of the brain and suggests the possibility that renin from these cells is in communication with blood vessel walls.
